, a C-type lectin family member, to HLA class II. Recently, the structure of the gp42:HLA-DR1 complex was determined. In order to confirm the interaction as determined in the structural study and to identify other potential interactive residues, a mutational analysis of HLA class II was performed. A secreted form of gp42 (sgp42) reacted with a conformation-specific monoclonal antibody and blocked EBV infection. The binding of sgp42 and EBV entry to two sets of HLA class II mutants were tested. The first set of mutants were based on the known interaction of the C-type lectin Ly49A with HLA class I, and the second set of mutants were based on the identified interface in the gp42:HLA-DR1 complex. As expected, none of the mutants that would be predicted to interfere with the interaction of Ly49A with class I affected the interaction of gp42 with HLA class II, whereas mutants in amino acids identified in the gp42:HLA-DR1 structure inhibited sg42 binding to class II. In general, sgp42 binding correlated with efficient entry of EBV, as demonstrated by the necessity of glutamic acid 46 or arginine 72 in class II molecules. Furthermore, other HLA class II residues buried within the interface of gp42 and HLA class II when mutated had either no effect or a decrease in both binding and entry and implicate a region of class II important in stabilizing the interaction with gp42. These studies provide insight into the entry and fusion processes of the critical interaction between gp42 and HLA class II.
Epstein-Barr virus (EBV), a gammaherpesvirus, causes infectious mononucleosis and is associated with a variety of malignancies, such as Burkitt's lymphoma and nasopharyngeal carcinoma (18) . The host range of EBV in vitro is largely restricted to B cells. Entry of the virus occurs through multiple interactions of viral glycoproteins with receptors found on B cells. The initial entry step is the interaction of the major viral glycoprotein 350/220 (gp350/220) with the complement receptor type 2 molecule CD21 (CR2/CD21) (15, 25) . This interaction is thought to bring the virus closer to the B-cell membrane, allowing for attachment of the viral glycoprotein gp42 with B-cell surface HLA class II molecules. Fusion of the viral envelope with the B-cell membrane requires gp42 along with the concerted action of the EBV-encoded glycoproteins gB, gH, and gL (8) . Furthermore, the association of gp42 and HLA class II seems to be the key signal for triggering virus entry and fusion into B cells as well as tropism. A virus lacking gp42 is not able to infect B cells, and the amount of gp42 present on the virion determines the cell type that EBV infects (2, 28) .
The HLA class II molecule, HLA-DR, was first shown to interact with gp42 in an expression library screen for proteins that bound a soluble gp42-Fc construct (23) . HLA class II molecules are comprised of two distinct gene products, ␣ and ␤, which noncovalently heterodimerize to form mature molecules of approximately 62 kDa. The ␣1 and ␤1 together create a peptide binding groove formed by an eight-stranded ␤-pleated sheet supporting two ␣-helices. The biological function of these molecules is to bind foreign peptide antigens and to form complexes that are recognized by antigen-specific T lymphocytes. The site that gp42 binds does not involve any direct peptide contacts (13) , though antigen presentation to T cells is inhibited by the binding of a soluble gp42-Fc fusion protein (23) . Subsequent studies demonstrated that the gp42 interaction with HLA-DR is crucial for EBV infection in B cells, since monoclonal antibodies to both gp42 and HLA-DR can inhibit the infection of B cells in vitro (11) .
HLA-DR is only one isotype of the HLA class II antigen family. The genetic locus encodes three different pairs of ␣ and ␤ chains referred to as HLA-DR, -DP, and -DQ. These antigens exhibit restricted patterns of expression and are found predominantly but not exclusively on specialized antigen-presenting cells, such as B cells, macrophages, and dendritic cells (1) . The HLA class II loci are extremely polymorphic and encode numerous alleles. Not surprisingly, EBV also uses the other two HLA class II isotypes, HLA-DP and -DQ, to gain entry into B cells (7) .
The HLA class II receptor binding protein gp42, a member of the C-type lectin family, is not conserved across the herpesvirus family homologues, being found only in closely related gammaherpesviruses that infect animals. This illustrates the evolution or acquisition of specific viral proteins that have evolved to allow EBV to specifically infect B cells. gp42 is most closely related to natural killer (NK) receptors such as Ly49A and shares the functional characteristic of binding to major histocompatibility complex (MHC) superfamily members (14) . By taking advantage of the high degree of polymorphism in HLA class II molecules, it was established that a glutamic acid at residue 46 of the HLA class II ␤ chain is necessary for EBV entry (9) . At that time, it was noted that the domain surrounding residue 46 is homologous to a site on MHC class I that interacts with the murine NK receptor Ly49A (26) . Furthermore, despite amino acid sequence differences, MHC class I and HLA class II molecules are structurally very similar, suggesting overall that the complex of gp42 and HLA-DR might be similar to the Ly49A and class I supercomplex (1, 3) . Recently, the crystal structure of gp42 bound to HLA-DR1 was solved and was found to have a distinct interaction site in comparison to NK receptor supercomplexes (13) . Although the overall structure of gp42 was similar to that of Ly49A, reflecting the fact that they both have conserved features of the C-type lectin family, gp42 interacted with HLA class II in an entirely different manner. The homodimerization domain within Ly49A corresponds to the interaction site of gp42 with HLA-DR. As a result of the binding site differences, gp42 binds much more highly and closely to the peptide binding groove of the HLA class II molecule.
To completely understand protein-protein associations, both structural and functional analyses should be performed to assess important domains and/or specific residues within the interaction interface. Thus far, functional information is still lacking on the participation of class II interface residues. To investigate further the gp42 and HLA class II interaction, sitespecific mutagenesis of the HLA-DQ molecule was performed and tested for binding to a soluble form of gp42 (sgp42) and the ability to mediate EBV entry. The HLA-DQ molecule was chosen to be mutated to determine if gp42 interacts with HLA-DQ in the same way that gp42 interacts with HLA-DR. The biochemical results here confirm and support the crystal structure and have identified two additional residues (all HLA residues refer exclusively to the ␤ chain), lysine 65 and arginine 72, that upon mutation dramatically reduce sgp42 binding and EBV entry. Thus, identification of these residues as important for EBV infectivity provides new information on the mechanism that gp42 utilizes to serve as a trigger to initiate viral membrane fusion by the concerted action of gB, gH, and gL.
Expression and purification of sgp42. To generate sufficient quantities of gp42 for structural and functional studies, a secreted form of gp42 (sgp42) was made by utilizing a recombinant baculovirus. The expression construct was generated by subcloning DNA coding for residues 33 to 223 of gp42 (lacking the transmembrane domain) into the baculovirus pBACgus-3 transfer vector (Novagen), which contains a baculovirus gp64 signal sequence as well as His and S tags upstream of an enterokinase cleavage site. After purification, the resulting sgp42 was of high purity and migrated as a doublet with molecular masses of ϳ34 and 36 kDa in sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) (Fig. 1A,  lane 2) . Treatment of the protein with enterokinase (cleavage of the His and S tags) resulted in the expected shift in the digested protein on SDS-PAGE gels (Fig. 1A, lanes 1 and 2) . The two bands of the sgp42 fusion protein may represent heterogeneity either in the glycosylated state of the protein or in the C-terminal section of the polypeptide. There are four potential N-linked glycosylation sites in the soluble gp42 protein, which may not be modified homogeneously.
Next, before both structural and functional studies were performed, antibodies directed against gp42 and the His tag were used to test the immunoreactivity and conformation of sgp42. The herpes simplex virus gD-expressing baculovirus, kindly provided by Gary Cohen and Roslyn Eisenberg, was used as a control, as it also contains a His tag (20) . As expected, the secreted and uncleaved forms of both gD and sgp42 were readily precipitated with Ni-agarose (Fig. 1B , lanes 5 and 6), whereas only sgp42 was detected in an F-2-1 (gp42 monoclonal antibody [24] ) immunoprecipitation (Fig. 1B, 
FIG. 1. Characterization of sgp42. (A) Supernatants of infected
Trichoplasia ni insect cells were harvested, and sgp42 was purified by gel filtration. The purified protein was run on an SDS-PAGE gel. Both the enterokinase cleaved and uncleaved forms of the protein are shown. (B) sgp42 is recognized by the gp42-specific monoclonal antibody F-2-1. Media from cells infected with the gD or sgp42 baculoviruses were immunoprecipitated (IP) with either F-2-1 antibodies (lanes 3 and 4) or Ni-agarose, which binds the histidine tag (lanes 5 and 6) present in both constructs. Following immunoprecipitation, proteins were resolved by SDS-PAGE and were probed in immunoblots with the antihistidine antibodies. Purified gD or sgp42 is controls (lanes 1 and 2). Molecular mass standards are in kilodaltons. (C) sgp42 blocks infection of Daudi cells with EBfaV-GFP. Daudi cells were first incubated with either purified sgp42 or gD in the amounts indicated and were then infected with EBfaV-GFP. Cells infected were then determined 2 days postinfection by using flow cytometry. These experiments were performed a minimum of three times with similar results obtained.
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NOTES J. VIROL. lanes 3 and 4). The antihistidine antibodies react with both purified gD and sgp42 added to the gel directly (Fig. 1B , lanes 1 and 2). These experiments demonstrate that expression of sgp42 in baculovirus is reactive with at least one gp42 conformation-specific monoclonal antibody, suggesting that the protein is properly folded. Inhibition of EBV entry by sgp42. Since the interaction of class II and gp42 is necessary for EBV to infect B cells and since a previously described Fc-gp42 fusion was able to block EBV entry, the effect of sgp42 on entry of EBV was tested (29) . Various amounts of purified sgp42 were incubated with the CD21-positive, HLA-DQ, -DP, and -DR-positive Burkitt's lymphoma cell line Daudi for 15 min at 4°C (7). Again, purified gD was used as a control. The reporter virus, EBfaV-GFP, was then added for 1 h at 4°C (22) . Unbound virus was removed, and after 2 days green fluorescent protein (GFP) expression was monitored by flow cytometry. As shown in Fig. 1C , the purified sgp42 was able to block EBV infection, as measured by a decrease in GFP expression in a dose-dependent fashion, with maximal inhibition observed at the highest dose of 100 g of the purified protein per ml. No inhibition was seen when purified gD was used as a control. The ability of the purified protein to block EBV infection of Daudi cells illustrates that the purified sgp42 is functional in regard to binding of HLA-DQ.
HLA class II glutamic acid 46 is necessary for binding to sgp42. Previously, it was established that a glutamic acid or aspartic acid at amino acid 46 of the HLA class II ␤ chain was absolutely required for EBV entry of B lymphocytes (9) . All known HLA-DR and -DP alleles encode a glutamic acid residue at this position in the ␤ chain, with the exception of a single change in an HLA-DR allele of glutamic acid to aspartic acid (Anthony Nolan database [http://www.anthonynolan.com /HIG/index.html]) (Fig. 2) . Only a small subset of HLA-DQ ␤-chain alleles contain a glutamic acid, with the majority having a valine at this position, which does not mediate EBV entry (9) . As expected, a more dramatic change of replacing a glutamic acid with a lysine in a HLA ␤ chain that mediates EBV entry results in an HLA class II molecule that does not mediate EBV infection. Confirming the importance of the glutamic acid at position 46, an extensive interaction at this site with gp42 was discovered in the gp42:HLA-DR1 crystal structure (13) . The glutamic acid at residue 46 in HLA class II forms a salt bridge with arginine 220 as well as a hydrogen bond with tyrosine 107 in gp42 (Fig. 3A and B) .
To further characterize the requirements of gp42 binding to HLA class II for EBV entry, the ability of sgp42 to bind to class II molecules, both functional and nonfunctional in EBV entry, was determined. Transient transfection of 721.174 cells (6), a CD21-positive, HLA class II-negative lymphoblastoid cell line, was performed by electroporation of 10 7 cells with 40 g of DNA (1:1 ratio of ␣ and ␤ chains) at 960-F capacitance and 0.210 kV. Twenty-four hours after electroporation, sgp42 was added to 10 6 721.174 cells and was rotated for 20 min at 4°C. The cells were washed and were then analyzed by two-color flow cytometry. To detect HLA-DQ expression, a biotin-conjugated monoclonal HLA-DQ antibody (Ia 3 ; ICN Biochemicals) with a streptavidin-allophycocyanin secondary antibody was used, and sgp42 binding was detected by using a polyclonal rabbit gp42 antibody (PB1114) followed by a fluorescein isothiocyanate-conjugated goat anti-rabbit immunoglobulin G. The polyclonal gp42 antibody was generated by immunizing rabbits with purified sgp42 by using standard methodologies. Cells expressing HLA class II and able to bind to gp42 are thus observed in the upper right quadrant. At the same time that binding was tested, the entry of EBV was tested by utilizing our recombinant virus expressing GFP. Briefly, 10 6 transiently transfected 721.174 cells were exposed to the reporter virus EBfaV-GFP under constant agitation at 37°C. Thirty-six hours after exposure to EBfaV-GFP, cells were analyzed by flow cytometry for expression of HLA class II and infection with EBV by monitoring GFP expression and HLA-DQ expression as described above and previously (7) . The relative infection rate was calculated by the percentage of GFP-positive cells divided by the percentage of total HLA-DQ-positive cells in relation to the wild-type allele DQ 2 set at 1. These numbers are shown in more detail in Table 1 .
As expected, sgp42 was able to bind the HLA class II DQ 2 allele, which is able to mediate EBV entry as shown previously (Fig. 4 , HLA-DQ 2, and Table 1) (9). Interestingly, sgp42 was unable to bind efficiently to the HLA class II DQ 3.3 allele, which does not mediate viral entry (Fig. 4 , number in the lower right quadrant, or Table 1 ), although the receptor was abundantly expressed on the cell surface (Fig. 4, HLA-DQ 3.3) . This observation provides an initial indication that the lack of entry-mediating ability of HLA-DQ 3.3 is a result of an inability to bind to gp42. We also tested a previously described glutamic acid 46-to-lysine mutation, which is unable to mediate viral entry, and as expected, this mutant was unable to efficiently bind sgp42 or mediate EBV entry (Fig. 4, E46K , and Table 1 ) (9) . In cells transfected with vector, HLA class II was not expressed, and as expected, the cells did not bind sgp42 or mediate infection (Fig. 4, pSG5) . This evidence suggests that sgp42 binds only to HLA-DQ alleles facilitating entry.
The gp42:DR1 interaction is not similar to the Ly49A:class I interaction. Due to the unique interaction site found in the gp42:HLA-DR structure when it was compared to those of other superfamily members, such as the interaction of Ly49A with MHC class I, and due to our desire to determine any differences in the interaction of gp42 with HLA-DQ and HLA-DR, additional point mutations were made in HLA-DQ to complement the structural analysis. The glutamic acid at residue 46 is located at a structural position similar to that of aspartic acid 137 on class I (26) . This aspartic acid is part of a larger site containing multiple interactions that are important for Ly49A binding to class I. In the crystal structure of Ly49A bound to class I, two disparate sites on class I were identified as interaction sites; the site 2 interface contains the aspartic acid. Upon further analysis via alanine-scanning mutagenesis of class I, the functional binding site for Ly49A was determined to be site 2 (12, 27) .
To verify that a similar region of class II was not important for binding gp42, as indicated by the structural studies, numerous point mutations were made in the homologous region important for binding Ly49A of HLA class II, including R23D, R25D, R34E, E36K, D41A, D43A, R48E, and E69K (26) . By use of the QuikChange Site-Directed Mutagenesis Kit (Stratagene), point mutations were made in the DQ ␤0202 allele, an HLA-DQ allele that mediates EBV entry (shown above as HLA-DQ 2). The mutations were checked by sequence analysis and by unique restriction enzyme digest. The substitutions made in residues 23, 25, 34, 41, 43, 48, and 69 had no effect on sgp42 binding or EBV entry (Fig. 4, R23D, R25D , R34E, D41A, D43A, R48E and E69K, and Table 1 ). Lesser sgp42 binding with the HLA-DQ mutants R25D and D41A was consistent with lower cell surface expression of HLA-DQ. These two mutants still efficiently mediated entry of at least 70%, compared to wild-type DQ 2. E36K was not expressed on the cell surface, and as a result, sgp42 binding and GFP expression were also negative and zero, respectively (Fig. 4, E36K , and Table 1 ). None of the mutations interfered with the interaction of gp42 and HLA-DQ, confirming the structural study.
Arginine 72 in the HLA class II ␤1 chain is essential for sgp42 binding to HLA class II and EBV entry. The crystal structure of the gp42:HLA-DR1 complex highlighted a second interaction of gp42 with class II at arginine 72 of the class II ␤1 chain (13) . This arginine is completely conserved in HLA-DQ and HLA-DP sequences and is shown in Fig. 2 in a comparison with other HLA sequences. In HLA-DR sequences, the arginine is well conserved, with only substitutions of a glutamine and an alanine represented in only 2 of the 397 DR␤ sequences in the HLA database (http://www.anthonynolan.com/HIG /index.html). Residues surrounding R72 are not as conserved (Fig. 2) , but previously, a double mutation in residues 71 and 74 still mediated entry, negating the participation of these less conserved residues (9) . An arginine at this position in HLA class II makes hydrogen bonds with the main chain atoms of threonine 104 and tyrosine 107 of gp42 ( Fig. 3A and B) . Individually an alanine and a glutamic acid replaced the arginine at this position and were tested as described above. The R72A and R72E mutants were expressed but were not able to bind sgp42 (Fig. 4, R72A and R72E ). This inability correlated with the lack (R72E) or dramatic decrease (R72A) in entry of EBV mediated by these mutants (Fig. 4 , R72A and R72E, and Table  1 ). These data confirm the importance of the extensive interaction of R72 with gp42 residues found in the gp42:HLA-DR1 crystal structure and establish this residue as essential in mediating the interaction. Mutation of lysine 65 within the HLA-DR ␤ chain can disrupt sgp42 binding and EBV entry. Many protein-protein interactions display a critical role for two or three residues, while other interface residues contribute only small amounts to the overall binding energy. To help define the critical interaction residues of gp42 and HLA-DR required for gp42 binding and EBV entry, the buried, or solvent-inaccessible, surface area of HLA-DR1 residues and gp42 was determined (Fig. 3C) . For HLA-DR1, lysine 65 stands out with the largest surface area (approximately 130 Å 2 ) buried upon binding of gp42, an amount larger than that of the key residue 46 or 72, which is 62 or 80 Å 2 , respectively. To determine the importance of lysine 65 in sgp42 binding and EBV entry, lysine 65 was mutated to glutamic acid (K65E). When the lysine at amino acid 65 was replaced with a glutamic acid, there was a dramatic reduction in the binding of sgp42 to this class II mutant (Fig. 4, K65E) . No significant difference is observed when this mutant is compared to E46K, R72A, or R72E. When infection with EBV was monitored, this mutant had a reduction in EBV entry and was similar to R72A, as entry was not completely inhibited (Fig. 4 , K65E, and Table 1 ). In order to more definitively test this amino acid, since a dramatic substitution may alter the overall structure, an alanine replacement of the lysine at amino acid 65 was tested. The K65A both bound sgp42 and allowed for entry similar to that for the wild-type allele (Fig. 4, K65A , and Table  1 ). Since the alanine mutant was able to bind sgp42 as well as mediate entry efficiently, this suggests that the entire lysine side chain, including the positive charge, is not essential.
Other residues with large buried surface area do not play an essential role in the interaction of gp42 and class II. We chose to examine two other residues based on buried surface area and their role in the class II-gp42 interaction. Serine 63 has an amount of buried surface area equal to that of R72, approximately 80 Å 2 , suggesting another potentially important interaction residue. On the opposite side of the interaction site, the 4 . The HLA-gp42 interaction sites at class II ␤ glutamic acid residue 46 and arginine 72 are necessary for EBV coreceptor activity. HLA class II expression and sgp42 binding were determined by flow cytometry by using a FacsCalibur (Becton Dickinson). Surface expression of HLA-DQ was detected by using the primary anti-HLA-DQ antibody Ia 3 conjugated to biotin, followed by the secondary streptavidin antibody conjugated to allophycocyanin (Pharmingen). sgp42 was detected by using the polyclonal antibody PB1114, followed by a goat anti-rabbit secondary antibody conjugated to fluorescein isothyocyanate (Pharmingen). Entry of EBfaV-GFP was determined by flow cytometry analysis of GFP expression. The number in the lower right quadrant is the infection rate, with DQ 2 set at 1. The number was calculated by taking the percentage of GFP-positive cells divided by the number of HLA-DQ-positive cells. n.a., not applicable as cells were not positive for HLA-DQ expression. Dot plots contain 40,000 events. These experiments were performed a minimum of three times with similar results obtained. largest buried surface area for gp42 is the residue arginine 105. This arginine appears to form hydrogen bonds with class II residue serine 42 (Fig. 3B) . Therefore, both of these serines were independently mutated to alanine and lysine and were individually tested, in a manner similar to that for the mutants above. When either substitution is made in S42 or S63, the DQ mutants are still able to bind sgp42 and allow for entry of EBV (Fig. 4, S42K and S63K ; data not shown). Serines 42 and 63 individually are not essential to the HLA class II-gp42 interaction.
Discussion. The functional analysis of specific residues of class II molecules done in the present study was performed to complement the previous structural studies on the gp42:HLA-DR1 complex (13) . In particular, we (i) confirmed that the interaction between gp42 and HLA class II was different from the interaction of MHC class I with Ly49A, (ii) established the functional roles of other residues in the interface contributing to the interaction, and (iii) determined that sgp42 binding correlates with efficient EBV entry.
To accomplish the first aspect, various point mutations were made in HLA class II in sites with homology to the previously identified HLA class I interaction sites with Ly49A (26) . Despite gp42 being a member of the C-type lectin family, the interaction of gp42 with HLA class II in the crystal structure was distinct. In these studies, it was determined that, although gp42 interacted with a similar region of HLA class II, the overall interaction was entirely different from the interaction of Ly49A with MHC class I. In particular, gp42 used a surface site that is distinct from the canonical lectin and NK receptor ligand binding sites used by Ly49A to bind to MHC class I. By mutation of specific, relatively well-conserved amino acids contained within homologous regions of HLA class II that were shown to be important for Ly49A binding to MHC class I, we were able to convincingly show that this region is not important for gp42 binding to HLA class II.
By using the crystal structure of the gp42:HLA-DR1 complex, we sought to test the functional importance of residues observed to contribute to the interaction. These studies provide important verification of the crystal structure and identify the most critical interactions of gp42 with HLA class II. In particular, we demonstrated that, in addition to glutamic acid 46, arginine 72 in HLA class II, which makes hydrogen bonds with the main chain atoms of threonine 104 and tyrosine 107 of gp42, was absolutely required for sgp42 binding and viral entry. In addition, by further analysis of the gp42:HLA-DR1 complex, we were able to determine that lysine 65, which is buried in the gp42:HLA-DR1 interface and forms hydrogen bonds with asparagine 157 and glutamic acid 160, may also be important for efficient sgp42 binding and EBV entry. Mutation of lysine 65 to glutamic acid causes weak binding to HLA class II and a 10-fold reduction in the EBV entry-mediating ability compared to results for other working mutants. However, an alanine mutation behaves like the wild-type DQ 2 allele. These data suggest that the lysine 65 side chain is not absolutely required for EBV entry but that an electrostatic switch from a positively charged to a negatively charged side chain in the glutamic acid interferes with gp42 binding. This might result because of the close juxtaposition of glutamic acid 65 with glutamic acid 160 on gp42 or may result from an overall detrimental effect on the structure of HLA-DQ. Other contact residues, serines 42 and 63, may play a smaller role in entry and may be involved cooperatively in the interaction, as single mutations, either to alanine or more drastically to lysine, do not disrupt the interaction. In addition, these mutations would not be expected to interfere with main chain atom contacts that are observed in the interface. However, the slight difference in the sgp42 binding plots of S63 suggests that this residue may have a reduced binding affinity (compare the staining pattern of S63K with that of DQ 2 or other mutants that display wild-type binding of sgp42 in Fig. 4) . Furthermore, most protein-protein interactions occur via a few key residues in maintaining the binding ability. This has been shown with hormone receptors as well as viral ligand-receptor complexes (4, 5) . Similar to the interaction of the herpes simplex virus gD with its receptor(s), several key residues are required for viral entry and gD binding (5) . Overall, the HLA-DQ residues do not contribute equally to gp42 binding. The variances in sgp42 binding shown above suggest a difference in the affinity for gp42 of different HLA class II molecules. Future optical biosensor experiments need to be performed to accurately examine the gp42's kinetics and affinity for binding to various mutant HLA class II molecules.
Of note is the conservation of residues between HLA alleles. The key contact residue, E46, is not completely conserved, though S42, S63, or K65 is found in all of the alleles sequenced to date and R72 is found in all but two. The evolution of EBV to infect B cells was likely through the acquisition of gp42 by the EBV progenitor virus. Did EBV infection select for individuals that may lack susceptibility to EBV infection? This is unlikely, since all individuals within the human population code for multiple HLA class II alleles, making it virtually impossible for an individual to express only class II alleles unable to mediate EBV entry. In addition, EBV has not typically been associated with a high mortality rate, which would be a requirement for a strong selection of HLA class II alleles defective for viral entry. The presence of HLA class II alleles that do not mediate entry is likely a result of random changes in the polymorphic class II alleles. EBV has also been associated with a variety of diseases, such as diabetes and nasopharyngneal carcinoma. In some cases, there is an association of disease with certain HLA class II alleles. There is some correlation between insulin-dependent diabetes mellitus and individuals expressing HLA-DQ alleles that mediate viral entry (10, 19) . Further study is required to determine if susceptibility or lack of susceptibility to EBV-associated disease may be related to specific HLA class II alleles.
Little is known about the mechanism of fusion between the EBV envelope and the target membrane of susceptible cells. This lack of knowledge is also evident when one looks at the herpesvirus family in general. From our studies and from studies of other herpesviruses, it is known that a core group of viral glycoproteins are conserved and play an essential role in herpesvirus-induced membrane fusion. This core group of proteins, gB, gH, and gL, likely form the machinery that allows membrane fusion to occur (16, 17) . Although gp42 is not conserved within the herpesvirus family, other members of the family contain proteins, which likely have similar function. For example, herpes simplex virus type 1 contains gD, a protein that also binds to specific cell surface receptors and also likely serves as a trigger for membrane fusion to occur following VOL. 77, 2003 NOTES 7661
on July 7, 2017 by guest http://jvi.asm.org/ binding to specific receptors (21) . To complement this study, mutagenesis of gp42 is being undertaken to further explore this interaction and, overall, the role of this interaction in fusion. The entry model of EBV consists of the hypothesis that the binding of gp42 to class II causes a conformational change in the tripartite complex of gp42-gH-gL. The conformational change would lower the energy state and provide support for the model of this interaction being a fast-dissociating complex. None of the mutations tested in this study supports or negates this idea. Support for this idea would have been shown with a mutant displaying efficient binding of sgp42 though an inability or decreased entry capability. In order to more directly probe the possibility of the conformational change, we are in the process of solving the crystal structure of gp42 alone. Overall, our results from this study suggest that class II residues 46 and/or 72 may help in bringing other residues, specifically residue 65, closer together and in increasing the overall interaction.
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